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Antioxidant and Anti—-Inflammatory Activities of Crude
Extract and Solvent Fractions of Allium hookeri

Yong-Bum Lee, Young-Min Ham, Seon-A Yoon, Dae-Ju Oh, Sang-Mok Song, In-Choel Hong,
Si Taek Lee, Ho Bong Hyun, Chang-Suk Kim, and Weon-Jong Yoon

Jeju Biodiversity Research Institute (JBRI), Jeju Technopark (JTP)

ABSTRACT This study describes the preliminary evaluation of antioxidant and anti-inflammatory activities of Allium
hookeri. A. hookeri was extracted using crude extract and then fractionated sequentially with n-hexane, CH»Cl,, EtOAc,
and n-BuOH. To screen for antioxidant and anti-inflammatory agents effectively, we first examined the inhibitory
effect of A. hookeri extracts on production of oxidant stresses (2,2-diphenyl-1-picrylhydrazyl, xanthine oxidase, and
superoxide). In addition, we examined the inhibitory effects of 4. hookeri on production of pro-inflammatory factors
(nitric oxide, prostaglandin E,, inducible nitric oxide synthase, and cyclooxygenase-2) in murine macrophage RAW
264.7 cells stimulated with lipopolysaccharide. Of the sequential solvent fractions of 4. hookeri, EtOAc fractions showed
decreased production of oxidant stresses, and CH,Cl, and EtOAc fractions of 4. hookeri inhibited production of pro-in-
flammatory factors. EtOAc fraction inhibited production of pro-inflammatory cytokines (interleukin-6 and -1f). These
results suggest that A. hookeri has significant effects on oxidant stresses and pro-inflammatory factors and is a possible
antioxidant and anti-inflammatory therapeutic and preventive material.
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4tsl &4 & 2,2-diphenyl-1-picrylhydrazyl(DPPH,
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3t Blois®(20) #8319tk DPPH °F 2 mgs EtOH
15 mLell =] DPPH &-9& AlZsk3le}. o] &9 12 mLol
dimethyl sulfoxide(DMSO) 6.25 mLE #7}sF %, 517 nm
o] ol A] r,Hz:TLg] FFE7F 0.94~0.97°] ¥ X% EtOH

= /Vﬂ stod 1027F g AL 28 €9 1 mLol] &2
2 FEd AR 1 mg° Ae F Sws] wola, £vd
DPPH 450 pLoll Al5-89 50 uLE ¥ol 412 thd -0l
A 153t WA S E} } 517 nmell A F3=5 5433

=3
Xanthine oxide A| %! superoxide A7{ 2 ZIM
Xanthine/xanthine oxidase®l] 2]3} uric acid 34> 290
nmell A Z718 F3 5o oa =A8 AL, superoxide?]
%F-& nitroblue tetrazolium(NBT) $-ul o o3 =43}
ATH21,22). whg-ol o 2= = A E(15.63, 31.25, 62.5,
125, 250, 500, 1,000 pg/mL)%} 0.5 mM xanthine¥} 1
mM EDTAE 200 mM phosphate buffer(pH 7.5) 100 uL
o &3tsle] #1332, 50 mU/mL xanthine oxidase=
A 7Fste] uric acid?] ‘@*é S =319 ). Superoxide A7
F44L 9] W] 0.5 mM NBTE H71ske] wH-&A F T
Xanthine oxidase 4] % superoxide &# A& ztzt

O - h
A E uric acid®} superoxide?] &3 =71 50% FHAaE w

Ve ARl SREICoR EASGem, 2t Azt 35
Wk alo] Age Adeio] Wagks Fasle
ME HHQF

Murine macrophage cell line RAW 264.7 A& KCLB

(Korean Cell Line Bank, Seoul, Korea) 25§ #<kdlo}
100 units/mL penicillin-streptomycin®} 10% fetal bo-
vine serum(FBS)¢| % Dulbecco’s modified Eagle’s
medium(DMEM) ®jA]| & ARg-3}e] 37°C, 5% CO2 &-27]°l
A wfeketgion, 3do s WA Al S Al skt
Lipopolysaccharide(LPS, E. coli serotype 0111:B4)E
Sigma-Aldrich Co.olA T3t AR&-shSith

NO assay

RAW 264.7 A3¥(1.5%10° cells/mL)E DMEM H]|#] &
o]-&3}e] 24 well plateol] HE3taL, AldE2 3 LPS(1 pg/
mL)E T3k A2 vXE SAl 2 glste] 24417 6l <&
st AAAE NO %L Griess A2k o] &3] A Zufjk
N Fol EAskE NOy o ez SA45kivh. AEZw ek 4
59 100 uLe} Griess A1 <F[1%(w/v) sulfanilamide, 0.1%
(w/v) naphthylethylenediamine in 2.5%(v/v) phosphoric
acid] IOO uLE &33le] 96 well plateo] A 10% &<t HF
S A7l 3 ELISA readerg ©]-&3}o] 540 nmollA 3 =5
SA48A T FFFE T4 sodium nitrite(NaNO2) S <

s)4lato] A},

b e



20 o] - grgwl -

3w - ok YT 54

Ho

M=Z=M HIHLDH assay)

RAW 264.7 M %E(1.5%10° cells/mL)E DMEM uj =] o]
Al k& LPS(1 ng/mL)E Al A 2lste] 24 A7t wj
3k & ok uAlE Aol 3,000 rpmoll A 587 YAlE
3} t). Lactate dehydrogenase(LDH) #&4S non-ra-
dioactive cytotoxicity assay kit(Promega, Madison, WI,
USA)E o] &3sle] =g on 96 well plated] A=
3te] A2 wj %k x| 50 pl<} reconstltuted substrate mix
50 uLE ¥, Aol 30% w171 ¥ 50 ple stop
solutions ¥l 490 nmollA SH=E g?xg AL 7T Al &
o g H FFE 2hs ekl er, ti=w(LDH con-
trol, 1:5,0000¢] &%= g3} vlaste] x5S H7tat
ATt

PGE; MY X &5 "I}

RAW 264.7 A2 DMEM HjA| & o] &3&te] 1.5<10°
cells/mLE ZZ3$ T 24 well plateo] HZE3}aL, 5% CO;
271014 18A13F A vl sttt o] 5 wix & Al A skar
10¥) 5 %=(1 mg/mL)E ZAE AFE2 50 uLe} 450 uL
°] LPS HF# %=1 pg/mL)E e M= wjAE sAll
ﬂﬂg}oi A g sAg el A wfFetlth. 244131

F PGE.E S574317] 18] vleF v]#] & 12,000 rpmel A 3
w3 AR st AE s AATh PGE:0] A% PGE:
ELISA kit(R&D System, Inc., Minneapolis, MN, USA)<
ol-g-ato] sl o standardol W3 EFHA * gk
= 0.99 o]/olqlth

Immuno blot analysis

RAW 264.7 A32(1.0x10° cells/mL)E DMEM H]j %] &
o]-83}o] 6 well platedl] FE3F & 18A17F A w2 311,
LPS(1 pg/mL)&E &A=& Fi A15(50 ng/mL)E FAlel
Agste] A Mg L 234 2447 St v
o} wj¢Fo] &t & M|3XE 2~33] phosphate buffered sal-
ineo 2 A& & 300 uLe] lysis bufferE %7}, 30%~1A]
7t &<t lysis A1Z1 & 9AE2] (15,000 rpm, 15 min) 3}¢
Az A7 & AASAY. 99 d FX = bovine se-
rum albuming ¥3}3l%] Bio-Rad Protein assay kit
(Bio—-Rad Laboratories, Inc., Quarry Bay, Hong Kong)<
AHg-she] skt 20~30 ng®l lysateE 8% mini gell
sodium dodecyl sulfate—-poly acrylamide gel electro-
phoresis®2 WA #2]8}9], ©]& polyvinylidene difluor-
ide membrane(Novex, Kiryat Shmona, Israel)el 200 mA
2 2717t &9t transfer Y. 12|31 membrane?]
blocking< 5% skin milk7} % TTBS(TBS+0.1%
Tween 20) goo =z Ao 247 FeF AAE}S T}
iNOS$¢} cyclooxygenase-2(COX-2)¢] Wa ke =43}
71 918 12} &2 Z A anti-mouse iNOS(Calbiochem, La
Jolla, CA, USA)9} anti-goat COX-2(BD Biosciences,

o,
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)
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San Jose, CA, USA)E TTBS &4 3]4](1:1,000)3}]
Aol Al 2A17F WS A7 & TTBSZ 33] AlAssitt. 23F
&A] 2+ horse radish peroxidase”’} Z23H% anti-mouse
IgG¢} anti-rabbit [gG(Cell Signaling Technology, Bev-
erly, MA, USA)E 1:5,0002. 2 3]A3}o] A0 A 30%37H
WAL &, TTBSZ 43] AlAste] ECL 7] & (Amersham
Biosciences, Piscataway, NJ, USA)¥} 1&7F dH$ %
X-ray & 7333t

F5d AOIEFIRI(L-6, IL-18 & TNF—a) Hd X =
s

RAW 264.7 A|XZ DMEM A& o]-&3&te] 1.5x10°
cells/mL% Z43F 3 24 well plateo] FF38}aL, 5% CO,
7oA 18417 A w3t gltt. o] & WA & A At
RAW 264.7 AIZE 10W] =2 A8 52 A& 50
pLe} 450 ple] LPS(1 pg/mL)E g3t A28 wiXE &

Alel] z%alo} I g 2 20 A vl st 24

AlZE S wfeF vix]| & YAE2](12,000 rpm, 3 min) 3}
o] AN 9] pro-inflammatory cytokines A 3tk
S SASAY. BE Al5E A WA7HH] -20°C o]std] B

\.

131t} Pro-inflammatory cytokines B2 mouse

.

enzyme-linked immunosorbent assay(ELISA) kit(R&D
System Inc.)& o] &3}o] At o standardell ot
EEFA rPghe 0,99 ool

E72A
RE e 33 o4 MBow ojRolgon, A Azt
= 7t G5l o JRFLEEAAHSDIE Fakel A5
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A& 300 g 70% T+ o
sto] dolxl FEHAE Tt &
£ 91 g(30.3%)< LAT}. 18]aL o17]

(90 @5 10vhZe] S/7F= X Fol &4Ha—hex-
ane), UEZZ g odolAHolE 181 Fet& &
sAH o2 FEele] i BEEolA 2.96 g(3.28%), HIE
22uE B3 & 1.28 g(1.42%), dlEolAlEHo|E £ 3
EA 0.53 g(0.58%), F&+& & EA] 8.16 g(9.06%)
2 Aol B B3 Eo M 76.93 g(85.47%)S AUt A
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Table 1. Comparison of antioxidant potential on 70% EtOH extract and solvent fractions of Allium hookeri

ICs" (ng/mL)

Treatment DPPH radical scavenging Xanthine oxidase inhibitory Superoxide radical scavenging
activity activity activity

70% EtOH >1,000 >1,000 >1,000

n-Hexane 981.80+1.08 >1,000 489.40+7.93

CH,Cl, 377.40+0.51 >1,000 >1,000

EtOAc 202.00+0.50 400.80+3.22 >1,000

n-BuOH >1,000 >1,000 >1,000

H,O >1,000 >1,000 >1,000

])IC50 values were calculated from regression lines using five different concentrations in triplicate experiments. Values are the

mean+SD of triplicate experiments.

2 fE7] &A g EAde 7L(free radicalell A
sojste] A& T kst b AdAelA w3tE
el 22 A&k DPPHE 3 2712 cys-
teine, glutathione¥} 72 3k olu =2k} ascorbic
acid, aromatic amine(p—phenylenediamine, p—amino—
phenol) Sl ols) #=o] Gawme Firs B I
Webs 54 ol ol g5 ek AL 2FEFED £7]
gl BB A9 A% 2 GUT &4 BHL HolA:
gron), HEade 2aEd ool = $I%
o4 Hi 27 B4S UEhilE AL SRisigen, O
22 e} o gdolAEl o] E #EE2] ICs #h2 377.4 ng/
mL¢} 202.0 pg/mL& 7}7 YERETH(Table 1).
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Xanthine oxidase M|

Xanthine oxidase+ 2t3}% #7 | A xanthine dehy-
drogenase®Z B AJAF T} Xanthine oxidases hypo-
xanthine& AFSIA|A HEZX 02 uric acid9 AAE A
st AbAfrE] 7] ¢F a7 o] AbAr R dAE)

Al "t} Uric acide] 42 12283539 555 A7)
™ uric acid @49 AAA|7} olE A3S 93 X5 B
A 88 Aolth. AY}7} xanthine oxidaseol| 23l YA %
AbafEre M &4 el A 2FE
E37 §7]8 7] #3529 xanthine oxidase &4 Aol o
g A= DPPH @4 2tz &7 EAolA AY Hojwd
o olAElo] E ® & Eo| A 2F7Fe] xanthine oxidase A4
AR G S vE 2T ICs #h2 400.8 ng/mL=E WEFR
tH(Table 1).

Superoxide 2jC|Z A

QA AbslA QlAaksle] A Ft AREE WA Ak
9] 0.4~4% A E*E free radical superoxide(-Os )& 73t
_quq xgxég_ -0y = 1:}:::‘ ROS® % ;&}5]0] 7<li7<4 = 7}@
Ao g AFE &AL FEdE Aoz Ay At ZAAA o
25 0 = HWAA A3t vloj 7| Ao 93 superoxide
dismutase(SOD)oll 2J&f W= A A3l iz2 dslect
(23). 22fr} o] W1 kst ol AAIZE AE W Absh-3F
4 #8E& X d A7 A A9 Ao s Aksks

7 &4

Zl o] A 1Ed n ”H AE

7t dojuAl =
S o7l=d &

B2y
AEAS] 445 oAV Al &8

83k Ida-g grh(24). A AkA FE 1Y ARTE A
3 4 gl BA sl AheAd &4t ot §83 Aoz
Azt eitt. Superoxide @7 27 @4 Bk Ayp= &
A & Eof| A 2F7H9] superoxide radical A A4S
Ebl o ICs0 3 489.4 pg/mLE el tH(Table 1).

MzZ=do oxl= S
LDH= B35 AlEo) A2 Qe EAehs G424 pyr-
uvic acid¢} lactic acid 7he] 7k A A kel yHefslo] Zu)
28-S 5lu, LDHE W ¥3 & o] dud u Jol o7
Ze}el &% LDH7} 2353tk RAW 264.7 Al ¥ A&
oFE 3 LPS(1 ng/mL)E &A1 A 2late] 2443t mjF3h 5
LDH assay "H& ol &ate] AMESA4ES &gk At A
o gaEaaves} ddotAEolE £9=3 4 200 ng/
mL o139 FidlA v AEEAde] dEEfloy v
7180 2=l M= AlESA o] YEA] 2%kal 100
ng/mL &&= ofstoll = 2FEE R 778 T E0A

AZEA ] Ve ethFig. 1)
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NO Mo x| Sut

M4 T shvelH, H2 95 el T3 93
sHe Aoz 4R NO A te 41 553 23 &
o §35 Golr gttt BAAE NO %S Griess A2k o]&
slo] Aazrfgd Sl EAEE NO. 9] FeH= S48t
Ad A9 A 2FEEY & TEES AL F7180
EY=olA NO A4 oA 538 B, 25 HIEER
HE F8 & o golAH o E FE8Eo A thxatl LPS
=2 g ol vls) NO A oAl atE B33 5= gllw
714 Edo] & YER2vE 2EE A5 FE oEH
S = NO A oA o] e Ag I3 5 A TH(Fig

PGE; ‘4d0fl o|xl= B
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Fig. 1. Inhibitory effect of 70% EtOH and solvent fractions of 4. hookeri on cell viability and nitric oxide production in RAW
264.7 cells. The production of nitric oxide was assayed in the culture medium of cells stimulated with LPS (1 pg/mL) for 24
h in the presence of the 70% EtOH extract and solvent fractions of A. hookeri (200 pg/mL). Cytotoxicity was determined using

the LDH method. Values are the mean+SD of triplicate experiments.

"P<0.05,

fractions of 4. hookeri, B: effect on CH,Cl, solvent fractions of A. hookerl
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“P<0.01. A: effect on 70% EtOH extract and solvent

2.3} prosta-

= sE°

t}(29,30). wEhA

A0S oA

Ao 7 oA RAW 264.7 Al ¥ol LPS(1 ug/mL)&

== T 2FE= 77180 B8E S At
120 ¢
100 t —

80 f

60 .

40 t

20 | m

0 ‘

LPS + +
Sample - 50 100 200

Fig. 2. Inhlbltory effects of 70% EtOH extract and solvent fractions of A. hookeri on PGE; production in RAW 264.7 cells. Cells
(1.5%10° cells/mL) were stimulated by LPS (1 pg/mL) for 24 h in the presence of 70% EtOH extract and solvent fractions from
A. hookeri (200 pg/mL). Supernatants were collected, and the PGE, concentration in the supernatants was determined by ELISA.
Values are the mean+SD of triplicate experiments.

' P<0. 05,

"P<0.01. A: effect on 70% EtOH extract and solvent fractions of
A. hookeri, B: effect on CH,Cl, solvent fractions of A. hookeri.
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Fig. 3. Inhibitory effect of 70% EtOH extract and solvent fractions of A. hookeri on the protein level of iNOS and COX-2 in
RAW 264.7 cells. RAW 264.7 cells (1.0X 10° cells/mL) were pre-incubated for 18 h, and the cells were stimulated with LPS
(1 pg/mL) in the presence of 70% EtOH extract and solvent fractions of A. hookeri (200 pg/mL) for 24 h. iNOS and COX-2
protein levels were determined using immunoblotting method. A: effect on 70% EtOH extract and solvent fractions of A. hookeri,
B: effect on CH,Cl, solvent fractions of A. hookeri.
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Fig. 4. Inhibitory effect of 70% EtOH extract and solvent frac-
tions of A. hookerl on cytokines production in RAW 264.7 cells.
Cells (1 5x10° cells/mL) were stimulated by LPS (1 pg/mL) for
24 h in the presence of 70% EtOH extract and solvent fractions
from A. hookeri (200 pg/mL). Supernatants were collected, and
the cytokines concentration in the supernatants was determined
by ELISA. Values are the meantSD of triplicate experiments.
"P<0.01. A: interleukin (IL)-6, B: IL-1B, C: tumor ne-
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Fig. 5. Inhibitory effect of CH,Cl, fraction of 4. hookerl on cyto-
kine production in RAW 264.7 cells. Cells (1 5x10° cells/mL)
were stimulated by LPS (1 pg/mL) for 24 h in the presence of
EtOAc fraction of 4. hookeri (50, 100, and 200 pg/mL). Superna-
tants were collected, and the cytokines concentration in the super-
natants was determined by ELISA. Values are the mean+SD of
triplicate experiments. 'P<0.05, “P<0.01. A: interleukin (IL)- 6,
B: IL-1B, C: tumor necrosis factor-a (TNF-a).
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